The field of evaluation of financial stability of commercial banks, which emanates from persistent existence of financial crisis, induces interest of researchers for over a century. The span of prevailing methodologies stretches from over-simplified risk-return approaches to ones comprising large number of economic variables on the micro-and/or macro-economic level. Methodologies of rating agencies and current methodologies reviewed and applied by the ECB are not intended for reducing information asymmetry in the market of commercial banks. In the paper it is shown that the Lithuanian financial system is bankbased with deposits of households being its primary sources, and its stability is primarily depending on behavior of depositors. A methodology of evaluation of commercial banks with features of decreasing information asymmetry in the market of commercial banks is being developed by comparing different MCDA methods.
The history of scientific investigations of financial stability spans over a century. The first known to authors, source in which stability of banks was analysed is a monograph by the Assistant Professor of Banking and Finance in Harvard University, Oliver M. W. Sprague (1910) , where attention is paid to measures of building confidence of depositors, and to outcomes of neglecting such an issue; tools, mostly qualitative, of attaining such confidence are elaborated. In general, the proposed tools are of the spontaneous nature and of the opportunistic character. Over the last century science has evolved numerous methods and methodologies of dealing with financial stability; more sophisticated computer-based methods are being used in the several last decades. In the continuously provided by the European Central Bank (ECB) and Bank for International Settlements (BIS) surveys of methodologies of assessment of financial stability the trend could be observed that the methodologies concentrate on the macroeconomic variables, very much in line with suggestions outlined in a comprehensive review of the problem of evaluation of financial stability made a decade ago (Aerdt Houben, Jan Kakes, and Garry Schinasi 2004) . It could be observed that the focus has shifted from such an important instability cause as depositor's behaviour, which is an important cause of bank crisis (Emre O. Ergungor and James B. Thomson 2005) .
perspective of financial intermediation (Robert C. Merton 1995) suggests that increase of competitiveness among financial institutions and increase of their efficiency consequently increase financial stability, which is to be understood in the way of stable and efficient performance of core functions of financial system. These major goals for achieving financial stability are in line with the goals outlined in Franklin Allen and Douglas Gale (2000) , which attempt to offset deviations of the state of financial system from the model of the general equilibrium by Kenneth J. Arrow and Gerard Debreu (1954) , aiming to attain the state of highest efficiency of financial system. Currently such a state is far from being reached because of the following: high information asymmetry, moral hazard, and the lack of competition. On the other hand, systemic risk is closely related to human behavior. Failure of a financial institution can lead to more significant failures causing distress or failure to perform functions of the financial system. Its prevention is seen in increase of transparency and increase of financial supervision.
We strive to influence confidence of depositors in financial intermediaries by reducing information asymmetry in the market. This requires methodologies of prompt evaluation of financial state of financial institutions, which deliver results in understandable formats to depositors. MCDA (multiple criteria decision aid) methods serve as a perfect tool for evaluation of the state of financial stability of commercial banks, which are major financial institutions in Lithuania. A methodology of evaluation of commercial banks with features of decreasing information asymmetry in the market of commercial banks is being developed by comparing different MCDA methods.
This paper is organized as follows. Section 1 carries the concept of evaluation of commercial banks registered in Lithuania. Section 2 describes variables used in the evaluation. Section 3 describes robustness of MOORA method and two possible ways of gathering objectives into a single super-objective. Section 4 describes MOORA method. Section 5 describes MULTIMOORA method, the theory of dominance, and the results of the evaluation. Section 6 concludes.
Concept of Evaluation of Commercial Banks
In this paper Lithuanian banks are evaluated using multiple criteria decision aid methods. The authors use several MCDA methods for the purpose of increasing reliability of the evaluation and for comparison of different methods.
The topic of evaluation of financial stability of commercial banks is rather popular. In Lithuania a MCDA research on client-based variables has been attempted by Romualdas Ginevičius and Valentinas Podvezko (2008) , Askoldas Podviezko and Ginevičius (2010) , Ginevičius and Podviezko (2011 , 2013 ), Willem Karel M. Brauers, Ginevičius, and Podviezko (2012 , Podviezko (2012) etc.
MCDA methods' result is usually provided in the form of rankings, which is a convenient form of the initial perception of the stability level of a commercial bank by a depositor. Further enhancements of the MCDA methodology (Podviezko 2012) provide results in more precise forms: in the graphical way expressing stability level by each of CAMEL category, and in the form of tables revealing stability level by each criterion. The mentioned methodology is intended to reduce information asym-PANOECONOMICUS, 2014, 3, pp. 349-367 metry level in the market of commercial banks and depositors by providing results of evaluation in different forms in order to suit the level of comprehension of every depositor thus enabling him as a decision-maker to obtain adequate perception of bank financial stability in accordance with his level of comprehension. The list of criteria could be extended to comprise both micro-and macro-economic criteria; stresstesting could be performed using deviated values of criteria for calculations.
Our paper is based on a categorization of banks comprising major types of objectives. A selection is proposed on basis of a classification which is very popular by the researchers on bank activities, namely CAMEL. CAMEL represents the abbreviation of Capital adequacy, Asset quality, Management quality, Earnings and Liquidity. This categorization is used by the American Federal Reserve, FDIC (deposit insurance) and the OCC (Office of the Comptroller of the Currency), (Podviezko and Ginevičius 2010) . It comprises major types of objectives representing stability of banks. The well known international rating agency, Moody's Investors Service uses CAMEL-based objectives (David Fanger 2007) .
Brenda González-Hermosillo (1999) cites as macro-economic factors of financial instability: "cyclical output downturns, adverse terms of trade shocks, declines in asset prices, rising real interest rates, boom-bust cycles in inflation, credit expansion, losses of foreign exchange reserves and capital inflows". With the banking crisis in Asian countries of 1996-1997 Demirgüç-Kunt and Enrica Detragiache (1998) and Daniel C. Hardy and Ceyla Pazarbasioglu (1998) argue that these models missed these crisis. Nevertheless, we have not to consider the macro-economic approach as the banks we investigate are registered in Lithuania and therefore are operating in the same macro-economic environment, governed by the same Law on Banks ( 
The List of Objectives Based on the CAMEL
We concentrate on bank-specific variables, which disclose performance of each bank in the market in terms of soundness and stability. All data are available from their annual reports and it becomes immediately clear that it is impossible to evaluate the banks directly by observing raw data and enormous number of different figures contained in the reports. For evaluation purposes a limited number of essential criteria representing stable and sound performance of banks must be chosen (Ginevičius and Podviezko 2011). The following objectives are proposed based on the CAMEL categorization and by cost and profit efficiency (Nicholas Apergis and Effrosyni Alevizopoulou 2010).
Capital Adequacy
In 1988 the introduction of Basel I capital adequacy framework has set capital adequacy requirements on banks and is considered to be a major regulatory measure, which reduces credit risk in activities of banks. While in Basel I capital adequacy framework credit risk is only considered, in addition a new capital adequacy framework, referred to as Basel II, accounts operational and market risk. Capital adequacy ratio is calculated by dividing capital by risk-weighted assets accounted separately for credit, market and operational risks (BIS 2004) . Calculation of capital adequacy ratio in banks is required to hold total capital equivalent to at least 8% of their riskweighted assets (Board of the Bank of Lithuania 2006).
The Central Bank of Lithuania adds up the two. We also add both Tier 1 and Tier 2 capital ratios, but since Tier 2 capital is more risky than Tier 1 capital (Ray Barrell et al. 2011), we rather assume that Tier 1 is two times more important than Tier 2. This difference in appreciation reveals the difference of risk for the two types of capital.
The resulting single CAPITAL objective is clearly a maximising one, since the larger the capital, the more it can absorb losses, including ones arising from bad loans, low cost and earning efficiency as from interest rate and trading.
Assets
Assets category is represented by four ratios:
(i) The first ratio requires the maximization of net interest income as a percentage of RWA (risk-weighted assets). We have undertaken a conservative view as we believe that this objective, as well as two other following objectives in Earnings category, more adequately accounts profitability of assets in terms of riskiness than in the case if interest income was divided by total assets. This view corresponds to risk-adjusted return on capital measurement model and is also employed by Moody's Investors Service (Fanger 2007); (ii) The second is the ratio between loans as the most risky assets and total assets. This ratio requires minimization; (iii) The third ratio is delinquent loans to total assets. In Lithuania, loans are considered to be delinquent if they are overdue for 60 days or longer. This ratio requires minimization; (iv) The fourth ratio within the category is the decrease of value of assets over the reported year divided by total assets. This ratio requires minimization.
Management
Management category is represented by a single ratio, expressing cost-efficiency of a bank. Since the aim of the research is to consider only quantitative financial objectives, we did not include the qualitative objectives to the analysis. The ratio employed is between non-interest costs and total income. This ratio requires minimization.
Earnings
The category of earnings is represented by two ratios, which both have to be maximized: (a) Pre-provision profits compared to risk-weighted assets. This ratio reveals the capability of a bank to generate cash, which could then serve as a remedy for various losses; (b) Net income compared to risk-weighted assets. This second ratio expresses profitability of a bank by revealing remaining profits after all deductions have been made; (c) The chosen above described ratios form the set of criteria for our multiple criteria evaluation. Some of the criteria are maximising, some are minimising as their effect on bank stability is different. The higher the earnings, the larger the capital ratios, the more efficient expenditure management and the better loan portfolio, then the likelihood of failure is smaller (David C. Wheelock and Paul W. Wilson 2000) , and as values of all criteria cannot be simultaneously improved in the real economic environment without making trade-offs between them, multiple criteria evaluation is designed to expose the general level of stability of each bank.
Liquidity
Finally, the last liquidity category is represented by two ratios:
(1) The part of deposits in total loans. We chose the deposits represented only by customer deposits and excluded more volatile inter-bank deposits. This ratio requires maximization, thus setting the goal for a bank of the most stable loan-financing from the customer-deposit source; (2) The regulatory liquidity ratio imposed by the Central bank, i.e. the Bank of Lithuania. This ratio indicates the short-term liquidity position of a bank within a month. Table 1 shows values of the chosen criteria representing performance of Lithuanian banks on the defined objectives. Data is taken from annual audited financial statements of Lithuanian commercial banks as such approach is reliable and popular among researchers (Sami Mensi 2010).
Evaluation Methodology
Upon investigation of popular available methods of evaluation of bank stability, namely methodologies applied by rating agencies and statistical methods, the authors made a choice in favour of the MCDM methods (Ginevičius and Podviezko 2012).
Methodologies applied by rating agencies are primarily based on the qualitative analysis, on judgment of one-two experts, are slowly reacting to changes in the market, focus on qualitative evaluation are declared features of rating agencies attractive for the purpose of reducing information asymmetry in the market of commercial banks are: informal relationship with bank management; the fact that rating agencies are paid by financial institutions; formed oligopoly of rating agencies. Also, ratings of financial intermediaries are bounded by ceilings of sovereign ratings, while they do not relate to financial statements of the evaluated intermediaries (Ginevičius and Podviezko 2011). The above contrasts with the feature of the quantitative evaluation to produce objective evaluation based on quantitative data, chosen by the authors.
A researcher who made a choice in favour of quantitative methods obviously should not overlook statistical methods. Statistical methods have a history spanning from the sixth decade. Even if the methods are very popular, they have the following limitations: logit and probit, and OLS methods could be applied only in such cases, when financial variables have normal distribution, sample size is large, data is stable over time, multicollinearity is precluded, and data is complete (Ran Barniv and James B. McDonald 1999). Unfortunately, this is not the case for the data describing performance of Lithuanian commercial banks. As Lithuania joined the EU only in years. This means that the uniform standard is being applied for the relatively short period of time. Financial crisis introduce distortions to the data, which cannot be considered as sufficiently stable to apply statistical methods. The number of commercial banks existing in Lithuania even decreased after bankruptcy of AB Bankas SNORAS in 2011, and AB Ūkio Bankas in 2012 to seven, which precludes from considering the set of banks as being sufficiently large.
In cases, when the sample and data are scarce and exact information cannot be obtained, operational research methods are the best option. Fast-gained popularity of the methods after their introduction to finance proved advantages over already having been used statistical methods and the methods used by credit agencies. Evaluation of a financial firm or a bank encompasses more complex considerations and goals and is not narrowing to solely the risk-return modelling (Ginevičius and Podviezko 2011). The MCDA methods have been created to deal with complex objectives (Jaap Spronk, Ralph E. Steuer, and Constantin Zopounidis 2005).
The methodology of evaluation of financial stability of commercial banks comprises several stages. Results of evaluation are provided in several formats: in the form of ranking, in graphical format exposing performance of commercial banks in terms of CAMEL categories, in analytical format by all chosen criteria of financial performance of banks (Podviezko 2012) . Recently an additional useful tool commenced to be developed: the evaluation of economic objects and processes using MCDA methods by comparison of alternatives with hypothetic objects (Ginevičius, Podvezko, and Podviezko 2012; Podvezko and Podviezko 2013) , which is also designed to be used in the methodology of evaluation of financial stability of commercial banks.
The whole variety of MCDA methods are being used by researchers. For the researcher in multi-objective decision support systems the choice between many methods is not very easy. Indeed numerous theories were developed since the forerunners: Nicolas de Condorcet (1785), Hermann H. Gossen (1853), Hermann Minkowsky (1896 , 1911 ), Vilfredo Pareto (1906 and pioneers like Maurice G. Kendall (1948) , Bernard Roy, Raphaël Benayoun, and Bernard Sussman (1966 ), David W. Miller and Martin K. Starr (1969 ), Ching-Lai Hwang and Kwangsun Yoon (1981 , Thomas L. Saaty (1988 ), Brauers (2004a , Serafim Opricovic and GwoHshiung Tzeng (2004), Jean-Pierre Brans and Bertrand Mareschal (2005) , see also Podvezko and Podviezko (2010a, b) .
In Ginevičius and Podviezko (2013) Lithuanian bans were analysed using four MCDA methods: SAW, TOPSIS, COPRAS, PROMETHEE II. In this paper we use an alternative MCDA method MULTIMOORA and make a comparison with the above-mentioned methods. The MULTIMOORA is composed of two MOORA methods and of the Full Multiplicative Form of Multiple Objectives thus making a composite of three methods of multiple objectives optimization. In his book, Brauers (2004a) described the three parts of MOORA: the Ratio System Approach, the Reference Point Approach but still based on scores and the Full Multiplicative Form. Sometime later Brauers (2004b) switched over to a Reference Approach with instead of scores uses the ratios found in the ratio system. In this way dimensionless measures were obtained.
Multi-Objective Optimization by Ratio Analysis (MOORA)

The Two Parts of MOORA
The method starts with a matrix of responses of different alternatives on different objectives (x ij ), with x ij as the response of alternative j on objective i: i=1, 2,…, n as the objectives j=1, 2,…, m as the alternatives.
MOORA goes for a ratio system in which each response of an alternative on an objective is compared to a denominator, which is representative for all alternatives concerning that objective. For this denominator the square root of the sum of squares of each alternative per objective is chosen. Brauers and Edmundas K. Zavadskas (2006) proved that this is the most robust choice:
with:
x ij = response of alternative j on objective i, j = 1, 2,..., m; m the number of alternatives, i = 1, 2,…, n; n the number of objectives, x ij * = a dimensionless number representing the normalized response of alternative j on objective i.
Dimensionless numbers, having no specific unit of measurement, are obtained for instance by deduction, multiplication or division. The normalized responses of the alternatives on the objectives belong to the interval [0; 1]. However, sometimes the interval could be [-1; 1]. Indeed, for instance in the case of productivity growth some sectors, regions or countries may show a decrease instead of an increase in productivity i.e. a negative dimensionless number.
For optimization these responses are added in case of maximization and subtracted in case of minimization:
with: i = 1, 2,…, g as the objectives to be maximized, i = g+1, g+2,…, n as the objectives to be minimized, y j * = the normalized assessment of alternative j with respect to all objectives. An ordinal ranking of the y j shows the final preference. with | r i -x ij * | the absolute value if x ij * is larger than r i for instance by minimization. This reference point theory starts from the already normalized ratios as defined in the MOORA method, namely Equation (1). Preference is given to a reference point possessing as co-ordinates the dominating co-ordinates per attribute of the candidate alternatives and which is designated as the Maximal Criterion Reference Point. This approach is called realistic and non-subjective as the co-ordinates, which are selected for the reference point, are realized in one of the candidate alternatives. The alternatives A(10; 100), B(100; 20) and C(50; 50) will result in the maximal criterion reference point R m (100; 100).
The Full Multiplicative Form of Multiple Objectives
Mathematical economics is familiar with the multiplicative models like in production functions (e.g. Cobb-Douglas and Input-Output formulas) and demand functions (Rudolf Teekens and Johan Koerts 1972) , but the multiplicative form for multiobjectives was introduced in 1969 by Miller and Starr (1969) and further developed by Brauers (2004a) .
The following n-power form for multi-objectives is called from now on a fullmultiplicative form in order to distinguish it from the mixed forms:
with: j = 1, 2, ..., m; m the number of alternatives, i = 1, 2,…, n; n being the number of objectives, x ij = response of alternative j on objective i, U j = overall utility of alternative j.
The overall utilities (U j ), obtained by multiplication of different units of measurement, become dimensionless. Stressing the importance of an objective can be done by adding an α-term or by allocating an exponent (a Significance Coefficient) on condition that this is done with unanimity or at least with a strong convergence in opinion of all the stakeholders concerned. Once again it is assumed that no significance coefficients have to given in this study on the Lithuanian banks for the reasons given above.
How is it possible to combine a minimization problem with the maximization of the other objectives? Therefore, the objectives to be minimized are denominators in the formula:
where: j = 1, 2,..., m; m the number of alternatives, i = the number of objectives to be maximized.
where:
n-i = the number of objectives to be minimized, U j ' = the utility of alternative j with objectives to be maximized and objectives to be minimized.
The Full Multiplicative Form is read horizontally in the Response Matrix of Table 5 presented in the Appendix. Nevertheless with the full-multiplicative form, the overall utilities, obtained by multiplication of different units of measurement, become dimensionless measures. This situation would not bias the outcomes amidst the several alternatives as the last ones are represented by dimensionally homogeneous equations, being: "formally independent of the choice of units" (Fritz J. de Jong 1967).
MULTIMOORA as Applied for the Banks Registered in Lithuania
Appendix gives details in Tables 3-6 
Conclusion
The results of evaluation of financial stability of registered in Lithuania commercial banks obtained using the MULTIMOORA method showed a satisfactory correspondence with the previously obtained results using four MCDA methods SAW, TOP-SIS, COPRAS, and PROMETHEE II (Ginevičius and Podviezko 2013). The authors believe that in the case levels of importance to criteria are used, increase robustness of the MULTIMOORA method will be observed. However there is something more. A difficulty in the Multiplicative Form is inherited whenever the negative numbers are present as in such criteria as the net income as a percentage of RWA, namely for all banks with exception of UAB Medicinos Bankas and AB Bankas SNORAS in financial statements of the banks of 2009, therefore the way of dealing with the negative numbers in the Multiplicative Form must be developed. 
